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NORTON  GERBER 

ABSTRACTS 

Th©  system  for  torque  chert  analysis  is  baaed  on  the  theoretically 
ideal  chert,  which  is  tmifom,  level,  has  & low  urngnitude*  a low  band- 
width,  a®  torque  psitar,  and  a low  frequency  of  variation  for  the  in- 
stantaneous torque.  The  median  torque  line,  in  graa-esat lusters  tines 
100,  provide*  the  basic  demerit  number  and  is  the  base  frees  which  all 
deviations  are  identified  for  the  application  of'  demerit  points . 

This  system;  is  the  first  of  its  kind.  Results  obtained  in  291 
application*  uak»  reasonable  distinctions  in  the  qualities  of  ball  bearings  > 
and  those  distinctions  conform  to  the  qualitative  opinions  of  experts . 
'SeiilHquaMtitati'VS'*  '©t^oht.ibns'-  of  particular  qualities  -of  hall  hearths  wo 
now  possible , and  this  feet  may  make  it  possible  to  write  more  explicit 
"hearing  specification#. 

Ths  basis  fighters  wsftlyasd  by  this  system  are  the  magnitude,  the  rat* 
of  change,  the  frequency,  and  the  raadosanoss  or  regularity  of  ms  aveat. 

The  event®  considered  are  torque.,  torqus  pesks,  asd  feasKt  -width.  As  arbitrary 

demerit  scale  has  been  devised  to  apply  to  these  footers  and  events, 

At  pre*ent,'tki-:  system  finds  its  greatest’  value  in  msSrilng’ reiiaatir'and'''  '*1  ; 

oons latent  cosgarisoas  between  torque  oharts,  either  for  the  seme  or  different 
bearings.  However,  the  natx-w  of  the.  system  Is  suoh  that  there  is  now  a 
possibility  for  an  absolute,  instead  of  a relative,  evaluation. 

The  system  is  simple,  easy  to  apply,  and  easily  adapted  to  special 
need*.  The  manner  in  which  data  is  recorded  permits  a direct  ooBsparisoa  of 
individual'  events',  .and.  the  relative  weight  of  the  demerit  points  for  that 
event  i«  easily  changed  on  the  basis  ef  experlesso©  or  theory. 

EITOODUGTXON: 

1,  This  report  desoribes  m interesting  fey- product  resulting  *ron  & pro*' 
gram  ”*Msh,  was  undertaken  to  determisie  the  feasibility  of  ©loaning.  ball 
bearings  with  ultrasonic  energy*  This  by -product  is  a netted  for  e&aij'si sag 
torque  charts  on  a.  seat  -quantitative  basis..  A hearing  m$  saw  he  .rated-  ®b 
a numerical  basis  for  each  of  three  es.Jo?  factors.  The  method  is  te m4  ea 
291  torque  charts  sad*  with  81  bearings.  {Ultraconio  cleaning  ef  Individual 
ball  bearings  has  been  found  effective  asd  foasibl®.  Group  ©r  continuous 
©leaning  baa  not  yoi  been  investigated*) 


Enolosur©  (1) 


A SYSU2K  FOR  AKtliYSXS 


2*  *i  i»  *»F*4  th*t  th*  |*rojK»s*<l  *y*t*«  *f  ehart  •xnlyai*  will  h*lf 
attain  th*  fundamental  ohjaotlvo,  wml/,  th*  correlation  *f  thrgn* ' 

***rt  *hh*'*ot*ri»tl*»  *dth  «** fat  Imriof  %%t*„  #*o#ll*a*«  of  th*  Waring 
fs«f and  th*  »r***r  application  of  th*  b**ring»  An  additional  , 
*******  night  h*  th*  d*v*l*»»*nt  *f  * Method  for  writing  Waring  *f#ai~  . 
floatiao*  for  either  eleanllae..  *r  perforoanee,  *r  Wth, 


i.  A Wrgu*  *hrtrt  night  kt  analysed  *n  th*  ba*l*  *f  «*#ri***e  1«  ball 
hMTihg  *n*ll**tim,  or  «n  a purely  natWnatloal  bast*.  Although  **ith*r 


®r  th*  h*U  Waring  *gp*rt  i*  th*  nmtt  «f  th*  atm  eerier  th*  tarqu* 
eurve.  Th*  **ita  involv'd  an  graa-**«tia*tar*  (*ork)  and  tin*.  Thu *r. 
th*  *ree  *****  th*  ******  **i*h  mU  >t  dlfflwult  t*  obtain  and  alee  ' •• 
t«ll«n*«  or  *s»*a*lv*,  If'  dm*  hjr  Mtamtl*  n**hi— f . wnld  r*mr***nt  **1/ 
th*  total  w*rk  dan*  t*  turn  th*  hearts*  through  «**  i*veluU«a.  . 


*•  Ihi*  •**•  iafarnatlm  1*  aoailahl*  la  less  prweiw  ton*  by  n*r*ly  ' 

l«*$&hf  at  th*  gWiral  torqu*  l*v*l,  B***v*r,  it  .is  sle©  tSsai  ' 

nnoh  *th*r  inferoatlMa  1*  lest  if  mljr  th*  torque  l*v«l  1*  smoldered , I* 
it  inpartant  if  th*  tor**#  *f  * hearing  vari**?  7*  * regular  — mirt  I*. 
t nito*Mrr  7*  distinct  flat****?  Mat  U * »*ak  *n  » t *y  y '4...,;^ 


fr**ta*B*r  *f  th*  inert 


**i4*tt«»  (hand  width)*  n*v 
mm  t*r*o*  vartatimV 


* r**r  important  fh*t«r*  in  *v*l*at#d  for  mi  «f  thr**  ohurt  •beraeter 
i*ti**»  (a)  Magnitude,  (h)  mt*  *f  •**«*,  (•)  fr*qum*y,  and  (4)  th*  na< 
darn***  #r  regularity  *f  «m«t  ar*  applied  to  tor***  1#WA,  t*  terque  , 
P*ateas,  *ad  t*  hand  vldth. 


4* " fhhl*  1«  Illustrates  th*  nethod  «*i«h  is  m**d  t*  analyse  * targe* 
otertj  I*  thi*  «&•*,  Wriu  #«o  «**  analysed  o*  10-JM-63.  os  received 
fr«*  th*  wlgiiMa  jNMhac*.  Thi*  ho*H*g  ******  sad  i*t*ad*d  f«r  i*p*di*t« 
u*#»  Q*  th*  mm*  bwuring  mi*  *n*lri»*d  *$*&&  *4t*(r  having'  r***i**d 

m Siltmaonio  ttloumlu*  tmatMMt*  On  11-14-8* » th*  nan*,  hearing  mm 

» third  tin*,  *k*a  it  «•*  sImummI  hy  **Bvw*t i«n*l  n»ih*d*,  wfai*h  ■ 
fe tllmmd  th®  ultmiMaJUi  *l*mingf 


i mmx 


a smmi  vm  tm® > oma?  mmm i 


be  that  ealy  the  instantaneous  psals 
te&sMeral  in  egt&aotlng  th®  average  %®t%m  m&w*  it  in  a <o»t 
value  rpstpded  fr«*  & mnisass  te  & has  »e 

fie  to®#*  because  ths  ieyque  tester  is  vesating.  at  that  time. 

reading  trm  * w&n^mm  is  a voxtedn  is  a positive 

or#  wM  t$f  tbs  median 
,r.  „ _ «jM  toss  sf1  application*.  :<. 

t$«*eraii«ftlly  fcrrtet*  and  {•)  its  statistical 
srretv 


St  table  l*i  It  is  intended  that 
shall  be  the  dsedaegt  faster  ever  torque  peaks  sad 
top  this  reason,  and  tor  etnvenieiiee  in  reeefdi ng,  the  actual  torque  value 
in  »*®^siiti*wter*  i«  nulitpiiod  by  100  before  recorded  in  eeiuwn  1*  This 
be  iSs#  basis  figure  te  which  tedt  point#  will  be  epjpllsi  ter  oil  types 
variation  trm  tbs  theoretically  excellent  curve,  which  is  tmifora,  heri* 
Mm  a email  bend  width s and  a lev  frequency  ef  instantaneous  torque 
viable*  (#miw*)* 

3„  The  nest  step  in  the  osolytisel  prseeduri  is  to  lech  at  the  torque  curve 

free  sae  end  ef  the  eteart,  looking  dews  the  thesretisol  median  line.  (In 
analysis*  it  is  uueh  easier  te  actually  draw  this  line.)  A number  ef  differtSt 
variations  may  new  be  seen.  In  som  * harts,  there  will  be  only  a toAnieKMi 
variotie®  *b*«t  the  Median  line,  fa  ethers , the  voriatira  may  be  ee  preaeunesd 
as  te  resoMble  a sin*  wave,  and  in  this  esse*  several  distinctions  must  be 
neted.  Xyeiing  ef  the  tsrque  level  is  defined  os  any  condition  la  rhieh  the 
Instantaneous  peaks  ef  the  lev  portion  ore  under  the  nt,nj—  listen- 
SdT  the  high  portion-  It  is  clear  that  the.  bend -rid th  ef  the 
instantanseus  variatisn  off  sets  this  deteradnatls*.  _ 

d«  A ward  ef  caution  wait  new  be  added.  It  sene  ef  these  definitions  and 
preeedures  seen  inexact  or  net  euffioienty  specif ie,  it  should  be  reuesfeered 
that  this  is  an  initial  proposal,  that  it  vas  originally  designed  fer  een« 
paratlve  purposes,  and  that  any  attempt  te  read  infematien  to  tve  deoinal 
places  when  the  chart  is  eeeurats  only  te  the  closest  vfesle  number  (a 
figurative  eenparisen  only)  is  obviously  misleading*  eventually*  if  the  ideas 
and  procedures  here  proposed  are  widely  accepted*  It  nay  prove  worthwhile  to 
notes  fins  neasurensnts,  but  solely  for  the  purpose  ef  correlating  with  useful 
life,  excellent  performance,  and  application  ef  a bearing. 

B.  Having  dot  trained  that  deviatieno  trm  the  median  torque  line  exist*  •• 
their  Magnitude  and  number  are  nest  recorded.  The  nagnitude  is  determined 
again  by  droving  (or  activating)  the  Median  line  through  the  central  portion 
ef  the  tops  and  the  battens  ef  the  sins  wavs  portion  ef  the  curve,  ffc#  level 
ef  ouch  lines  is  recorded  in  gNM-esatlmctent  tines  1O0*  number  of  m«b 
high  and  lev,  readings  is  alee  recorded*  for  practical  purposes,  if  the 
‘ tudes  ef  the  high  values  are  net  very  widely  separate 
is  rasorded.  The  sane  type  ef  retarding  is  m&i  tw 


o 


& torque  ehart  is  seem  la  which  the  torque  run®.  off -seal© 


aw^s^s-  is  ® weighting  factor  of  1 for  .onuses 1*  peaks 
, 'Sad  10  for  hnag-ups. 


to  agree  with  ekperloneed  observers  ' Interpretation  of  the  earn®  aborts. 
Perteps  sessens  ©ay  gisi  a sore  valid  theoretical  basis  for  ©eight lag  ths 

Individual  factors*  Or  perhaps  others  my  find  different  weighting  fosters 
more  suitable  for  different  bearing  applications.  Sometime*  the  rat*  of 
o bongo  of  torque-  whether  gonoral  or  Instantaneous-  is  More  important  than 
the  Magnitude  of  the  change  or  tb»  torque  level  #t  which  the  changes  occur. 

0*  Th®-- ^aalyeis  of  torque  peaks  is  broken  into  two  parti.  One  is  concerned 
with  on-soalo  peaks,  tho  other  with  off -seals  peaks.  On -scale  peaks  are 
recorded  only  as  the  number  of  ooourrsnoss  per  boshing  revolution.  All  peaks 
are  oounted,.  aski  >tSfc0n  the  total  divided7  by  tho  number  of  revolutions. 

Although  the-  sAgaiiud®  of  the  individual  instantaneous  peaks  might  bo  token 
into  aeoeunt,  and  this  would  probably  bo  bettor  from  a theoretical  standpoint 

th 


avoraso»  goes,  end  very  good.  Very  good  mu M !>o  woroh  am.  arbitrary 


botcooa  tho  envelope  linos 


.dittos©!  a points,  oo 
ouraio  evaluation*  th 
bo  imourod  in  ©hart  or  arbitrary  unite}. 


a mmi  wm  ■’tmw  chart  axalyix* 


Siao#  these  shafts  wr*  evaluated  m A semparaiive  basis,  th*  qualita iivt 
•Shew®  was  used  with  relative  euse*s*» 

II.  finally,  the  frequency  of  variation  ef  the  instnntsjseeu*  torque  peaks 
if-  rated,  Again,  th*  sew*  qualitative  oefcsm*  ^ be  used  that  eat  applied  : 
t*  bend  Width*  or,  f or  tl»®*P  evaluation,  th*  peak*  eesurrin*  in  1/lDtk 
complete  revolution  eould  actually  b#  ocuntod  (rathe?  easily,  rrobably,  with 
th*  aid  #f  a magnifying  glass)  and  SMltiplliid  by  10, 

It.  la-  uevsrnl  oases , .data  in  table  i* , m reoerded  u a fraction.  The 
materatoir  1®  the  sun  of  th®  event#,  while  the  dSttoninator  it  tho  number 
ef  revoluttens, 

T0RQ0*  CHART  ANALYSIS  J US  DO  TH  DATA  , 

. . <.> 

1.  The  jMwiitw  difference  between  tho  m4Ub  terqve  value  .tod  tho  lot 
value  it  computed  and  reoerded  it  column  4,  Tho  cnouat  of  tho  low  deviations 
.from  tho  nod  Ion  value  it  multiplied  by  tho  nuefrer  of  euoh  ooourronooo  and 
reeerded  in  Column  6,  A similar  pressed leg  it  followed  for  tho  high  devia- 
tion*. Columns  S,  and  f.»  arw  added  and  rooordod  in  Qelmm  ID*  at  tho  total  — 
deviations, 

o 

St*  Thee*  deviation*  art  than  weighted  according  to  tho  following  foal#? 
l/l^th  tho  amount  in  Column  10*  for  regular  variations,  %/%  tho  amount  in' 

Coloan  10.  for  raaioa  variation®,  and  tho  total,  aaownt  in  Column  10,  for 
barque  oharta  ohioh  exhibit  plateau*.  Apia,  this  weighting  aoalo  lo  arbi- 
trary. bat  it  oooao  to  wan?,  Tho  wolfing  it  rooordod  in  only  oao  of  tho 

Ooltili  11,  11^  or  IS.  V-"-” 

S.  Tho  remainder  of  tho  tablo  oan  bo  nndorotood  by  observing  tho  ooluan 
headings,  bcoaus*  operations  art  indicated . 

HVALUATIMO  THE  SYSTSUj 

1.  If  tho  proposed  factor*  for  rating  are  acceptable,  then  thlo  system  baa 
tho  following  merit*.  Single  faotoro,  such  m median  torque  value*,  th# 
number  of  Eight  or  loot  in  a tine  typo  variation,  or  the  number  of  peaks, 
oan  bo  compared  diroetly,  Tho  weighting  feeter*  oen  bo  easily  e hanged  on 
tho  basis  or  experience  or  theory. ' Tho  actual  analysis  of  the  chart  la 
quite  rapid"  4 minute*  per  chart  including  handling  of  the  chart,  rooordlng 
tho  data,  ooloulatlORs,  and  filing  the  chart.  The  analysis  of  tho  chart 
require®  very  little  equipment.  An  individual  could  bo  trained  to  analyse 
such  a chart  in  a short  time-  perhaps  two  hours  direct  time , f cur  hours 
elapsed  time*  Tho  system  has  merit  by  it*  ability  to  provido  eonsletent 
tot*  of  data  for-  comparisons* 

$«  a®  'iim  of  applying  numerical  demerits  to  individual  factors  of  the 
©hart  permit®,  for  th#  first  tins,  the  possibility  of  establishing 
% rating  system  for  bearings.  Xf  V e proper  weighting 

tester©  fee  worked  mb  either  by  ®$peris»ae  or  theory,  then  it  may  bs 
1®  to  oogbim  til  factor*  into  a single  demerit  number  equivalent  to 
t&ob  of  •&  gsM  gooss*,  mi  'tbs  feoarlsf  with  th*- lowest  snore  would  be  best. 
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At  frtMnt,  it  1*  f#lt  ttet  * $~p&rt  auAtr,  os#  ftr  torqut,  Matter  tw 
yaalca  p •ad  • third  far  band  width,  la  adequate  ta  characterise  • bearing. 

3.  Zt  nay  ha  pvseible  to  u*a  tha  nediaa  torque  alen*  aa  the  hftsla  factor, 

•ad  to  add  dsaarrit  paints  based  only  an  tha  maher  of  high  and  lav  tine  wavaa 
observed,  aad  tha  aandlir  of  paaks  of  any  kind. 

4*  Tharw  la,  finally,  tha  hope  that  tha  analysis  of  terqua  charts,  praparad 
with  tap  a Ida  up  aad  top  aida  dawn,  nay  load  to  an  astlaata  or  evaluation  of 
Internal  dimensions  aad  oheraelerlstles  of  tha  bearing  geeaetry. 

PITFALLS* 

1.  During  tha  aauraa  af  all  thaaa  tarqua  taata,  in  aanaaatlon  with  tha 
ultrasonic  inveatlgatiene , it  wan  found  that  a surprisingly  larga  nuufcer  of 
varlablaa  oaa  aawa  into  operation  and  thereby  invalidate  tha  raaultlng  tarqua 
chart  a.  Tha  two  prlnaipal  problem  art  reproducibility  and  aaauraoy,  and 
thaaa  ora  interwoven  with  tha  variability  Inherent  in  tha  ball  bearing  itaalf 
and  in  tha  tarqua  tester. 

*•  A reliable  tarqua  ohart  should  ahaw  a repetitive  pattern  in  at 
least  two  consecutive  revolutions  af  tha  bearing.  Xf  Irregularities  occur, 
than  enough  additional  revolutions  should  ha  obtained  until  it  la  statletieally 
probable  that  tha  irregularities  are  randan  or  regular.  It  la  the  writer's 
proforanoo  ta  obtain  a nlnlnuw  of  3 eonaooutlvo  rovolutlona,  plus  additional 
anas  if  aaadad. 


i.  duff  talent  evidence  was  found  during  tha  ultracoala  invaatigatiana  ta 

writ  sareful  imrtKHa  of  a nunhor  af  athar  factors  whiah  are  uananly 
taken  far  wanted  if  reproducibility  is  ta  ba  assured.  First  af  all,  thare 
auat  ba  a check  ta  insure  that  the  weight  an  tha  bearing,  during  tha  tarqua 
test,  la  preperly  saatad.  This  type  af  a hack  requires  that  tha  bearing  be 
tasted  at  least  twice-  as  that  tha  weight  auat  ba  plaaad  an  tha  hearing  in 
twe  separate  eperatlens.  It  has  alas  bean  faund  that  entirely  different 
charts  can  ba  ahtalaed  by  singly  turning  ever  tha  hearing,  aad  ratastlng  it, 
aad  than  tooting  with  tha  original  aide  up. 

4.  Lubrication,  tha  type  af  lubrication,  and  tha  (Manor  in  whiah  tha  lubri- 
cation la  applied  san  also  influents  tha  ehamoter  af  a tarqua  curve.  Thera 
nay  alee  ha  a distinct  change  in  the  type  af  torque  curve  obtained  frou  a 
bearing  whiah  la  tasted  and  than  retested  after  a tine  Interval  af  perhapa 
4 weeks,  under  conditions  as  like  tha  original  aa  possible. 

8.  With  all  tha  variabilities  Bated  thus  far,  it  is  easy  ta  see  that  a 
torque  ohart  can  bo  quite  far  fr on  pro  canting  an  adequate  picture  of  tha 
parfarnaEoa  or  eharaotoriatloa  af  a ball  btarlng.  And  to  top  this  off, 
there  must  also  be  scan  consideration  given  to  possible  variations*  in  tha 
torque  tester  iteelf. 


*■  js&^mt******- *****  wrnmrnmKWm****** 


A SYSTEM  FOB  TOTdjUX  CHART  ANALYSIS 


CONCLUSION: 

1.  In  the  writer* » opinion,  a complete  und  accurate  picture  of  a ball 
bearing's  torque  oMraoteristies  can  be  obtained  only  if  the  following  tests 
are  performed : 

a.  Bverjr  torque  test  Must  be  mde  with  at  least  two  consecutive 
revolutions  for  each  side  which  Is  tested.  Additional  oonseeutive  revolu- 
tions should  be  taken  if  irregularities  are  observed. 

b.  Each  bearing  should  be  tested,  without  lubrieatlon,  in  the  follow- 
ing sequence: 

1.  Arls  vertical.  Stamped  side  up. 

ii.  Axis  vertical,  Stamped  side  down, 

ill.  Repeat  steps  1 and  li. 

o.  The  sequence  of  tests  given  in  step  "b"  should  be  repeated  with 
lubrication. 

2.  Although  these  are  necessary  conditions  to  obtain  a full  and  accurate 
picture,  they  still  do  no t insure  that  the  oorreot  ploture  will  be  obtained. 
A great  deal  sore  ef  fundamental  information  Is  necessary  before  it  can  be 

d®3id*d  hew  accurately  a set  of  torque  charts  will  desorlbe  an  individual 
bearing. 
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